INTRODUCTION {#sec1-1}
============

Renal surgeries (RS) are usually associated with significant postoperative pain. Postoperative analgesia following RS is essential to allow effective coughing, early mobilization, and to reduce the incidence of postoperative respiratory complications.\[[@ref1]\] A considerable portion of those patients may suffer from comorbidities, such as impaired renal function, hypertension, and ischemic heart diseases. So morbidity rates can be reduced by analgesia after RS in such a high-risk group.

A variety of techniques for postoperative analgesia following RS were applied.\[[@ref2][@ref3]\] Administration of systemic analgesia after RS may be precluded by impaired renal function and respiratory complications from the use of opioids.\[[@ref4]\] Other techniques include intramuscular and/or intravenous injection of paracetamol or nonsteroidal anti-inflammatory drugs. However, none of these methods was proven to be highly effective. On the other hand, postoperative analgesia by utilizing epidural blockade (EP) demonstrated high rates of safety and efficacy in upper abdominal surgery, including RS.\[[@ref5]\]

Paravertebral blocks (PVBs) are effective techniques in controlling pain after lower thoracic and upper abdominal surgery. The use of paravertebral catheter to provide unilateral or bilateral analgesics has been described in adults and children.\[[@ref6][@ref7]\] A single shot technique using bupivacaine, levobupivacaine, or ropivacaine can provide analgesia for up to 18 h.\[[@ref8]\] However, PVB has not been extensively studied as analgesic tool in renal surgery. In addition, to the best of our knowledge, effect of single-injection PVB in comparison with EP after renal surgery in adult patients has not been undertaken previously. Therefore, in the current study we have conducted a prospective randomized trial aiming at the assessment of hemodynamics and analgesic response after single-injection PVB versus EP.

METHODS {#sec1-2}
=======

After approval by the hospital ethical committee, written informed consent was obtained from patients scheduled to undergo elective renal surgery. Study population: 80 patients (American Society of Anesthesiologists (ASA) physical status I or II), were included in the study. All were scheduled for elective renal surgery, including nephrectomy, pyelolithotomy, and pyeloplasty. Patients with any contraindication for regional anesthesia, such as infection of the puncture site, anatomic deformities, or coagulation disorders, were excluded. The patients were randomized into two groups by use of sealed envelopes (40 patients each) to receive epidural block (EP group) *n*=40, or paravertebral block (PVB group) *n*=40.

All the patients were thoroughly assessed preoperatively by history, physical examination, and laboratory evaluations (complete blood picture, liver function, and renal function tests). The day before surgery, the study protocol, EP, and PVB procedures were explained to each patient. All patients were made familiar with the use of 10-cm visual analog scale score (VAS) identifying 0 as no pain and 10 as the worst imaginable pain. A 10 mg diazepam was administrated orally at the night of surgery for all patients.

On arrival of the patients to the theater suite, and after routine monitoring, peripheral intravenous cannula (18 G) was inserted. Lactated Ringer\'s solution was infused at a rate of 8 mL/kg to replenish the overnight fasting hours. All patients were premedicated with fentanyl 1.5 μg/kg and midazolam 0.05 mg/kg. Arterial catheter was inserted in all patients after modified Allen\'s test in the nondominant hand and arterial blood gases were taken preoperatively (basal reading).

In the EP group, patients were placed sitting upright with the neck and back flexed and the shoulders relaxed forward. Under complete aseptic technique through a midline approach, the block was done at T10 interspace using Tuohy needle with loss of resistance technique (with air) by 1-1.5 mg/kg of bupivacaine 0.5%.

Patients of the PVB group were placed sitting upright with the neck and back flexed and the shoulders relaxed forward. The spinous process of T10 is palpated and marked at its superior aspect. From the midpoint of the spinous process, the 8-10 cm Tuohy needle entry site is marked 2.5 cm laterally. Under aseptic technique, place a skin wheal of lidocaine local anesthetic 2% at T10. The Tuohy needle is attached via extension tubing to a syringe of local anesthetic. Grasp the shaft of the needle in your dominant hand, insert the needle through the skin wheal, and advance it anteriorly perpendicular to the back until it contacts the transverse process. With the needle contacting the transverse process, grasp the needle shaft with fingers 1 cm from the skin surface. The fingers now serve as a "backstop" to prevent the needle passing beyond 1 cm into the paravertebral space and possibly into the pleura of the lung. Then withdraw the needle tip to the subcutaneous tissue and angle it to "walk off" the caudal edge of the transverse process, advancing no more than 1 cm into the space. Often, a loss of resistance or "pop" is appreciated, indicating that the needle tip has penetrated the superior costotransverse ligament. After gentle aspiration of the syringe for blood and air, inject 1.5 mg/kg of bupivacaine 0.5% into the paravertebral space.\[[@ref9]\]

General anesthesia was induced to all patients with thiopental sodium until loss of eye lash reflex and rocuronium bromide (0.6 mg/kg) to facilitate tracheal intubation. Anesthesia was maintained with isoflurane (1-2%) and 60% air in oxygen mixture and top up dose of rocuronium. Controlled ventilation was achieved by (Drager model (Primus), S. No: 5370893, Germany, 2006) ventilator with tidal volume of 8-10 mL/kg and I/E ratio 1:2 to maintain endtidal carbon dioxide tension around 35 mmHg.

Electrocardiography, noninvasive blood pressure, pulse oximetry, and endtidal carbon dioxide (ETCO~2~) was monitored throughout surgery by (Datex--Ohmeda model (S/5) AN. S.No: 3422715, Finland, 1998) monitor. Heart rate (HR), mean arterial blood pressure(MBP), pulse oximetry was monitored as preoperative (basal), 15 min, 30 min, 1 h, 1½, 2, 2½, 3, 3½ from start of surgery, then 15 min, 30 min, 1 h, 4, 8, 12, 16, and 24 h postoperatively. And arterial blood gases were taken at the same time of hemodynamic monitoring. At the end of surgery neuromuscular block was antagonized in all patients with neostigmine 0.04 mg/kg and atropine 0.02 mg/kg.

Postoperative assessment {#sec2-1}
------------------------

Post-operative pain was assessed over 24 h using 10-cm VAS where 0 = no pain and 10 = unbearable pain. VAS was recorded at times (early postoperative, 15 min, 30 min, 1 h, 2, 4, 6, 12, 18, and 24 h). When the patients experienced pain (VAS ≥4) pethidine was given intramuscularly 50-100 mg. Total pethidine consumption were recorded.

Any postoperative events like nausea, vomiting, shivering or respiratory distress were recorded (through counting the respiratory rate).

Statistical analysis {#sec2-2}
--------------------

The statistical analysis of data done by using excel program for figures and Statistical Package for Social Science (SPSS, Inc, Chicago, IL, USA) program version 16. To test the normality of data distribution Kolmogorov--Smirnov test was done only significant data revealed to be nonparametric. The description of the data done in the form of mean (±SD) for quantitative data and frequency and proportion for qualitative data.

The analysis of the data was done to test statistical significant difference between groups.

Chi-square test was used for qualitative data. Any difference or change showing probability (P) less than 0.05 was considered statistically significant at confidence interval 95%.

Sample size was calculated using online statistical calculator (G power^®^ version 3). Minimal sample size of 80 patients was needed to get power level: 0.8, alpha level: 0.05 anticipated effect size (f2): 0.15. VAS score as the primary variant.

RESULTS {#sec1-3}
=======

Fifty males and 30 females were prospectively enrolled in the current study with a mean age±SD of 43.57±11.22 years (range, 29-58), 45 of patients were ranked as ASA I, whereas 35 were ASA II. Simple or radical nephrectomies were carried out in 70 patients, pyelolithotomy in 7, and pyeloplasty in 3.

In this study, there were no significant differences between EP group and PVB group with respect to demographic data, duration, and types of surgery \[[Table 1](#T1){ref-type="table"}\].

###### 

Patients\' characteristics and duration of surgery (min)

![](SJA-7-61-g001)

No patients had abnormal finding, such as hypotension, arrhythmia, or respiratory failure, throughout monitoring. There was a significant decrease in HR in EP group compared with PVB group at 2, 2½, 3, and 3½ h and at 30 min, 12 h,16 h, and 24 h postoperatively (*P* ranged from \<0.01 to \<0.001). Similarly, MBP showed a significant decrease in EP group compared with PVB group 15 min, 30 min, 1 h, 1½, and 2 h from the start of surgery (*P*\<0.001).

Peripheral arterial oxygen saturation (SPO~2~) displayed no significant difference between the studied groups throughout the study period \[[Table 2](#T2){ref-type="table"}\].

###### 

Perioperative hemodynamic data in EP and PVB groups

![](SJA-7-61-g002)

On the other hand, no significant differences were found concerning arterial oxygen tension (PaO~2~), arterial carbon dioxide tension (PaCO~2~), and pH, comparing the two studied groups at different time points \[[Table 3](#T3){ref-type="table"}\].

###### 

Perioperative blood gasometric data in EP and PVB groups

![](SJA-7-61-g003)

The total analgesic consumption (meperidine) at 24 h postoperatively showed no significant difference between the two groups). Postoperative shivering developed in 2 patients in each group. Whereas 3 patients in EP group suffered from nausea postoperatively compared with 2 patients in the PVB group \[[Table 4](#T4){ref-type="table"}\].

###### 

Total consumption of postoperative analgesia and postoperative complications

![](SJA-7-61-g004)

Mean postoperative VAS scores demonstrated no significant difference between both groups throughout the duration of monitoring. After 24 h, all patients had the worst pain with VAS score 4 mm in the EP group, versus 5 mm in the PVB group \[[Figure 1](#F1){ref-type="fig"}\]. The postoperative respiratory rate showed no significant difference between the studied groups \[[Figure 2](#F2){ref-type="fig"}\].

![Visual analogue scale score (VAS) of the studied groups. White column (EP) *n*=40 and black column (PVB) *n*=40, PO=postoperative](SJA-7-61-g005){#F1}

![Post operative respiratory rate (RR) of the studied groups. White column (EP) *n*=40 and black column (PVB) *n*=40 PO=postoperative](SJA-7-61-g006){#F2}

Regarding the intraoperative complications in the PVB group, we have 2 patients excluded from the study. One patient developed block failure that diagnosed before induction of general anesthesia by pinprick test that revealed 3 unblocked adjacent dermatomes and confirmed at the end of the surgery by VAS scoring more than 5 mm as well as the need for opioid administration in the recovery room.

Another patient with inadvertent intravascular placement of the needle was defined as positive aspiration of blood was also excluded. This might be attributed to the highly vascularized paravertebral space and inadvertent vascular puncture will often occur and this highlights the need for a meticulous technique involving frequent aspiration in order to detect intravascular placement of the needle.

In the current study, we did not confront with any other intraoperative complications that frequently occurred with PVB, such as accidental pleural puncture and subsequent development of pneumothorax or dural cuff puncture with subsequent intrathecal spread of the local anesthetic.

DISCUSSION {#sec1-4}
==========

In the present study, EP and PVB groups were compared with regard to hemodynamics, blood gasometric profile, their analgesic effect, the need for postoperative analgesia, and postoperative complication. Patients in both the groups demonstrated comparable demographic characteristics. In the current study, patients in the EP group demonstrated a significant decrease in hemodynamics (HR and MBP) compared with patients in the PVB group. Both groups displayed stable blood gases parameters (PaO~2~, PaCO~2~ and pH). In addition, the total analgesic consumption at 24 h was equal in both the groups. Two patients developed postoperative shivering in the 2 studied groups, whereas 3 patients in the EP group developed postoperative nausea and only 2 patients developed nausea in the PVB group postoperatively.

In spite of many advances in the issue of pain management, postoperative pain remains a serious cause of severe suffering that is often undermanaged despite our best efforts.

Unrelieved postoperative pain may result in clinical and psychological changes that increase morbidity and mortality as well as costs and that decreases quality of life.\[[@ref10]\]

Negative clinical outcomes resulting from ineffective postoperative pain management include deep vein thrombosis, pulmonary embolism, coronary ischemia, myocardial infarction, pneumonia, poor wound healing, and insomnia.\[[@ref11]\] Associated with these complications are economic and medical implications, such as extended lengths of stay, readmissions, and patient dissatisfaction with medical care.\[[@ref12]\]

The current study showed that HR was reduced in EP group than in the PVB group nearly at all times of the operative period, but this reduction was significant (*P*\<0.001) at 2 h, 2½ h, 3 h, 3½ h from the start of surgery and at 30 min postoperatively most probably due to the intensive sympathetic blockade induced by the EP, which was more observed than with PVB. PVB is characterized by unilateral regional blockade of several dermatomes without sympathicolysis and with effective blockade of pain stimuli.\[[@ref9][@ref13]\] These unique characteristics are attributed to ipsilateral blockade of the spinal nerves and sympathetic chain, without blocking of the contralateral sympathetic chain.\[[@ref14]\] Also we speculated the reason for this significant difference in HR might be explained by qualitatively greater block of the somatic nerves together with block of the sympathetic chain and the rami communicans when local anesthetic is placed alongside the vertebral column rather than anatomically distant from it in the paravertebral space.\[[@ref15]\]

The mean arterial blood pressure in our study demonstrated highly significant decrease in EP group than PVB group (*P*\<0.001), which was in accordance with previous study that used local anesthetic through thoracic epidural analgesia during major abdominal surgery proved that significant hypotension has been occurred in all groups after application of epidural solution.\[[@ref16]\]

One of the most complicated issues needed to be addressed are how to distinguish between adequate anesthesia and effective analgesia and how to quantify intraoperative analgesia. We used the definition of intraoperative analgesia in the review by Guignard,\[[@ref17]\] where adequate analgesia is defined in terms of maintaining a stable hemodynamic status, both during and after a noxious stimulus. So thoracic PVB, through its hemodynamic stability considered an effective and safe analgesic.

The global view of blood gasometrical changes sensed through measurements of arterial oxygen tension (PaO~2~), arterial carbon dioxide tension (PaCO~2~), and pH is reflecting a similar effect of EP block compared with the PVB as there were no significant changes recorded between the studied groups during or after the procedure at any time interval.

In the current study, the two different techniques used were equally effective with respect to pain control (VAS), with no difference in postoperative meperidine consumption at 24 h. Interestingly, after 24 h the score was still lower in both the groups. However, at this time a pharmacologic effect of bupivacaine cannot be expected. This finding may be explained by a pre-emptive effect of the PVB: Reducing the nociceptive input to the central nervous system in the first hour after surgery may have attenuated central sensitization, thereby leading to less postoperative pain.\[[@ref18]\]

Our results confirm the findings of previous studies showed that single-injection thoracic PVB reduced the severity of postoperative pain after breast surgery.\[[@ref19][@ref20]\]

Also the result of our study pass in accordance with another study that used preoperative continuous epidural or paravertebral bupivacaine on postthoracotomy pain and proved significant lower VAS scores at rest and on coughing.\[[@ref21]\]

Vogt and colleagues studied the effect of single-injection PVB for postoperative pain treatment after thoracoscopic surgery.\[[@ref22]\] They found low pain scores at rest and on coughing.

One of the interesting studies on the same patients group that used intraoperative intravenous ketamine in combination with epidural analgesia for postoperative pain relieve after renal surgery was found that the VAS scores were significantly lower in the ketamine group during rest and strain.\[[@ref8]\]

In another study, continuous PVB has been reported in pediatric patients undergoing renal surgery. Thirty-five pediatric patients undergoing renal surgery, receiving either PVB (*n*=15) or EP (*n*=20), were reviewed retrospectively. It was proved that postoperative need for supplemental morphine administration was significantly lower (*P*=0.046) and the number of patients with no need for supplemental morphine administration postoperatively was significantly higher (*P*=0.019) in patients treated with PVB versus EP. This study indicates that PVB may possess a potential for postoperative analgesia equal to or may be even superior to conventional lumbar EP in pediatric patients undergoing renal surgery.\[[@ref5]\]

In our study, the overall incidence of nausea and shivering in the 24 h postoperative was comparable with the previous studies. This is probably related to the little opioid administered rather than the preoperative fentanyl dose.\[[@ref23][@ref24]\]

The absence of postoperative nausea contrasts with recent observations of Klein *et al*. and Pusch *et al*. A possible explanation for this finding might be the difference in patient selection with both studies, because we limited our study to the renal surgical procedures.\[[@ref25][@ref26]\]

Renal surgery includes a special position during the procedure as well as a characteristic surgical incision; both have a detrimental effect on pulmonary mechanics. However, the early postoperative respiratory deterioration is thought to be caused mainly by the respiratory effects of severe postoperative pain.\[[@ref27]\] We recorded the postoperative respiratory rate as a sign for effective pain control. In our study there was no significant difference between the studied groups with regard to postoperative respiratory rate. This result passes in agreement with a previous study.\[[@ref28]\]

The current study has certain limitations, including the inability to use ultrasound guided blockade. It is conceivable that ultrasound guidance will further enhance the performance of PVB. Single-injection techniques are limited by the duration of the local anesthetic used. Also one of the potential study design drawbacks is the shorter duration of postoperative followup for analgesia; we recommend further study including long-time follow-up for at least 48 h postoperatively.

CONCLUSION {#sec1-5}
==========

In summary, our study showed that single-injection PVB resulted successfully in pain relief during the first 24 h after a renal surgery. Further studies are needed to determine the optimal pain control for this group of patients and if the use of continuous or repetitive analgesic control through a catheter is more effective than the single-shot technique used in our study.

Although PVB resulted in satisfactory postoperative pain relief, the advantages over EP were marginal in this patient group (renal surgery). Considering that the technique has a certain complication rate, we conclude that at present the risk/benefit ratio of PVB does not favor routine use in renal surgery; however, this technique may be recommended for patients with coexisting circulatory disease.
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